3 column. Absence of ssDNA contamination was confirmed by assessment of the protein absorbance ratio at 260 and 280 nm.
ESI-MS and proteomics analysis
Approximately 50 ug of purified RPA-DBC (prior to removal of histidine fusion tags) was analyzed by coupled HPLC and electrospray mass spectrometry to confirm the purity of the preparation. Proteomics analysis confirmed individual RPA subunit identity. Excision of individual subunit bands from a representative SDS-PAGE gel was followed by in-gel tryptic digestion and tandem mass spectrometry on extracted peptides. Bioinformatics analysis of MS/MS data was carried out in IDPICKER. 
Size exclusion chromatography via multi-angle light scattering

Small-angle X-ray scattering data analysis
Data reduction was performed at the beamline using in-house scripts to the obtain one-dimensional I(q) versus q scattering curves. The data were analyzed using PRIMUS (Primary Analysis & Manipulations with Small Angle Scattering Data) version 3.0 from ATSAS 2.3 (62, 63) , from which Guinier, Kratky, P(r), and CRYSOL analyses were generated. Divergent low-q points exhibiting artifacts of beam-stop scattering were not included in Guinier, Kratky, and P(r) analyses, nor were data for q > 0.25 Å -1 , resulting in an effective analysis range of 0.011-0.014 Å -1 < q < 0.25 Å -1 . To confirm that undetected aggregation was not influencing the choice of D max in the P(r) fitting of the DNA-free protein, q min values of 0.020 and 0.025 Å -1 were also tested. Aggregation-free data was selected for ab initio envelope reconstruction for the following sample concentrations (approximate) and exposures: RPA-DBC (2.4 mg/mL, 0.5 s), 10-nt (2.6 mg/ml, 0.5 s), 20-nt (10-11 mg/mL, 0.5 s), 24-nt (10-11 mg/mL, 2 s), 27-nt (10-11 mg/mL, 2 s), 30-nt (10-11 mg/mL, 0.5 s). Individual ab initio molecular envelopes were calculated in GASBOR (64); ten to fifteen GASBOR runs were subsequently averaged and filtered using the DAMAVER suite (65) . Crystal structures of RPA domains (PDB references 1FGU, 1JMC, 1L1O) were docked into averaged, volume-converted molecular envelopes using the collage module of SITUS (66) . Porod volumes were calculated from SAXS data limited to the linear portion of the Porod-Debye region, following the equations referenced by (39).
Preparation of RPA-DBC/ssDNA complexes for SANS
Separate stocks of RPA-DBC in complex with dT 30 were prepared for protonated and deuterated buffers. Purified RPA-DBC was concentrated to 8-9 mg/mL, combined 
Small-angle neutron scattering data collection and analysis
SANS experiments were acquired on the Bio-SANS instrument (CG3) at the High Flux Isotope Reactor of Oak Ridge National Laboratory (16). The neutron wavelength was 6.0 Å with a wavelength spread (Δλ/λ) of 0.14. Data were collected at two sampleto-detector distances, 6 m and 0.3 m, covering a combined q-range of 0.006 Å -1 to 0.7 Å -1 . Data from each distance setting were corrected for transmission, detector sensitivity, dark current (electronic noise), and beam attenuation according to standard procedures. The corrected 6 m and 0.3 m data were azimuthally averaged to produce the one-dimensional intensity profile I(q) versus q, calibrated to an absolute intensity scale using a Porasil A standard (67), then merged to generate a continuous scattering curve. Sample background subtraction was then performed directly on the merged curves. Assessment for aggregation and Guinier determination of R g values was 6 performed in PRIMUS (62, 63) , while fitting against select models from the 30-nt MD simulation were carried out using ORNL-SAS (68).
7 Supplementary Tables   Table S1 . Summary of correlation and fitting parameters for ab initio molecular envelopes and rigid-body docking using collage. Average goodness-of-fit between the molecular envelope and the experimental scattering data for 10-15 independent GASBOR runs. For consistent comparison with the FoXS analysis, goodness-of-fit is reported here as χ, rather than χ 2 as calculated by GASBOR. 
Ab initio
